ABSTRACT: Soil contamination by heavy metals threatens ecosystems and human health. Environmental monitoring bodies need reference values for these contaminants to assess the impacts of anthropogenic activities on soil contamination. Quality reference values (QRVs) reflect the natural concentrations of heavy metals in soils without anthropic interference and must be regionally established. The aim of this study was to determine the natural concentrations and quality reference values for the metals Ag, Ba, Cd, Co, Cu, Cr, Mo, Ni, Pb, Sb and Zn in soils of Paraíba state, Brazil. Soil samples were collected from 94 locations across the state in areas of native vegetation or with minimal anthropic interference. The quality reference values (QRVs) were (mg kg -1 ): Ag (<0.53), Ba (117.41), Cd (0.08), Co (13.14), Cu (20.82), Cr (48.35), Mo (0.43), Ni (14.44), Sb (0.61), Pb (14.62) and Zn (33.65). Principal component analysis grouped the metals Cd, Cr, Cu, Ni, Pb and Sb (PC1); Ag (PC2); and Ba, Co, Fe, Mn and Zn (PC3). These values were made official by Paraíba state through Normativa Resolution 3602/2014.
Background and Reference Values of Metals in Soils from

INTRODUCTION
Heavy metal concentrations in soils without anthropogenic influences are usually low and do not pose risks to humans or ecosystems (Alloway, 1990; Costa et al., 2004; Paye et al., 2010; Lu et al., 2012) . However, agricultural, industrial and mining activities in recent decades have contributed to significant increases in the amount of these contaminants in the environment (Chen et al., 1991) . In this context, environmental agencies need indicators that can be used as references for the continued evaluation of the impacts of anthropic activities. Consequently, guiding values of soil quality that enable the identification of contaminated areas and the assessment of the potential risks to ecosystems and human health need to be established (Soares, 2004; Biondi, 2010; Paye et al., 2010) .
Taking into account the Brazilian territorial extent and soil heterogeneity, it is essential to assess the natural background concentrations of heavy metals at a regional scale to set up limits for distinction between natural concentrations and those derived from anthropogenic contamination. The Brazilian Environmental Council (Conama), through Resolution No. 420 of December 29, 2009 , established that each state in the country must determine its own guiding values for heavy metal concentrations based on a set of soil samples that represent the local geomorphology, pedology and lithology. This was decided because the international values or those from other regions might result in erroneous interpretation regarding areas suspected of being contaminated. The Brazilian resolution establishes three types of guiding values: quality reference values (QRVs), which should be determined by each state, prevention values (PVs) and investigation values (IVs), which are established by the Conama Resolution (Conama, 2009) and are valid for the whole country.
The QRVs indicate the natural concentrations of chemical elements in soils without anthropic influence (Conama, 2009); however, as stated by Zhao et al. (2007) , environments that are free from the influence of anthropic activity are becoming increasingly scarce. These values are established through statistical interpretation of natural concentrations in soil samples from a particular region, taking into account its main soil types. The PVs and IVs, on the other hand, are determined from human health-based risk analysis (Biondi et al., 2011a; Nascimento and Biondi, 2015) .
The QRV determination regarding heavy metals in soils is well established in several countries (Chen et al., 1991; Kabata-Pendias and Pendias, 2000; Galuszka, 2007; Martínez-Lladó et al., 2008; Su and Yang, 2008; Bini et al., 2011; McDowell et al., 2013) . In Brazil, few states have established their QRVs as required by Resolution 420; these include São Paulo (Cetesb, 2001 ), Minas Gerais (Copam, 2011 ), Paraíba (Copam, 2014 , Pernambuco (Biondi et al., 2011a,b; CPRH, 2014) and Rio Grande do Sul (Fepam, 2014) . The objective of this work was to determine the background concentrations and quality reference values (QRVs) of metals (Ag, Ba, Cd, Co, Cu, Cr, Fe, Mn, Mo, Ni, Pb, Sb and Zn) in soils of the state of Paraíba, aiming to help the state environmental agency to develop specific legislation for monitoring these elements in soils; and to assess the soil metal origins to prove their natural origin using multivariate analysis (MVA).
MATERIALS AND METHODS
The study area encompasses the entire state of Paraíba (06° 02' to 08° 19' S and 34° 45' to 38° 45' W), covering 56,438 km 2 (Brasil, 1972 ). An assessment analysis of the state soils (scale 1: 500,000) (Brasil, 1972) and geology (CPRM, 2002) maps was conducted, and 94 locations were selected for soil sampling such that the main geomorphological, pedological and geological compartments were represented (Figure 1 ). The geographical coordinates and altitudes of the sampling points were determined using a GPS device (Garmin Map 60C Sx). Municipalities, geographic coordinates, soil types, geological background and textural classes of the selected soils are shown in table 1. A composite sample was formed from 10 samples collected at each sampling site, in areas of native vegetation, with minimal or no anthropic interference, using a stainless steel Dutch auger at a depth of 0.0-0.2 m. Thereafter, the samples were air dried, disaggregated, homogenized and sieved through a nylon sieve with a 2.0 mm mesh (ABNT No. 10).
The following physical and chemical analyses of the samples were performed: particle size (Donagema et al., 2011) , pH in water (1:2.5), potential acidity (H+Al), P, (SB), the total (T) and effective (t) cation exchange capacity, base saturation (V) and Al saturation (m). All analyses were performed in triplicate (Table 2) .
To extract the metals Ag, Ba, Cd, Co, Cu, Cr, Fe, Mn, Mo, Ni, Pb, Sb and Zn from the soil samples, the 3051A digestion method (Usepa, 1998) was used. In this procedure, sample aliquots were ground in agate mortar, homogenized and passed through a stainless steel 0.3 mm mesh sieve (ABNT 50). Thereafter, 1 g of the powdered samples was transferred to high-pressure teflon tubes to which 9 mL of nitric acid 65 % (v/v) and 3 mL of hydrochloric acid 37 % (v/v) were added, both of which were of high analytical purity (Merck PA). The digestion was performed in a closed system using a microwave oven (Mars Xpress, CEM Corporation, Matthews, NC, USA); the temperature was increased to 175 °C over a time period of 8'40", which was maintained for a further 4'30". After cooling, the extracts were transferred to 25 mL certified flasks (NBR ISO/IEC), which were filled to volume with ultrapure water. Then, the extracts were filtered through slow filter paper (Macherey Nagel ® ). These analyses were performed in triplicate in parallel with blank tests.
The calibration curves for determining the metal concentrations were prepared from standard solutions of 1000 mg L -1 (Titrisol ® , Merck) using ultrapure water for dilution.
The metal concentrations were determined using inductively coupled plasma optical emission spectrometry (ICP-OES) with an insertion system via an automatic sampler The analytical results were evaluated through univariate statistical methods and multivariate techniques. After the anomalies were removed (based on a box-plot construction as recommended by Conama (2009), the QRVs were established for each metal based on the 90 th percentile of the sample universe. A univariate procedure (mean, median, minimum and maximum values and standard deviation) was used to characterize the physical and chemical properties of the samples. The multivariate technique adopted was factorial analysis, where one of the factors with eigenvalues greater than 1.0 was extracted by principal components and the factorial axes were rotated using the Varimax method. All statistical procedures were performed using Statistica 7.0 software.
RESULTS AND DISCUSSION
Heavy metal recovery in the certified sample
The digestion method 3051A, which uses HNO 3 and HCl, determines the pseudo-total or "environmentally available" concentrations of heavy metals. In this context, NIST recommends the comparison of methods that do not use HF (3050, 3051 and its updates), with recoveries based on leachate values (Biondi et al., 2011a ).
The recovery rates of the certified reference sample (SRM2711 Soil Montana), based on the leachate, were generally satisfactory for all heavy metals, varying from 73 to 113 % (Table 3) . Lower recoveries were found for Zn (73 %) and Ni (85 %). These results confirm those found by Biondi et al. (2011a,b) and Preston et al. (2014) , and ensure the quality and reliability of the results found in this analysis. 
Establishing quality reference values (QRVs)
The graphical box-plot was used to assess the need to exclude anomalous values (outliers and extreme outliers) from the data matrix to establish the QRV of each metal. The elements Ni, Cd, Sb, Cu and Cr (Table 4) had the most anomalous data, indicating that the distribution of these metals in the soils from Paraíba state is more heterogeneous compared with the other metals, and that there are regions where the concentrations of these metals are higher than the average values. Different results were found for Rio Grande do Norte soils, where anomalous values were higher for the metals Ba, Cr, Fe, Sb and Zn (Preston et al., 2014 In general, the QRVs from this study were lower than those reported by Cancela et al. (2004) for Galicia soils in Spain: Cd (2.8 mg kg ). The Cd background value in Beijing, i.e., 0.12 mg kg -1 (Chen et al., 2004) and Antarctic soils, i.e., 0.17 mg kg -1 (Lu et al., 2012) , was also higher than the QRV for Cd found in this study (Table 4) . A high cadmium concentration is found in soils originating from mafic rocks and is restricted to soils formed from gneiss, arenite and sediments from the Tertiary (Ross, 1994) , a prevailing condition in the state of Paraíba.
The QRVs of most of the metals were generally lower than the values reported in other regions of Brazil ( The QRVs for the Paraíba soils were lower than those reported for São Paulo soils (Cetesb, 2001) , except for Ba (Table 5) , which was also higher than that reported by Preston et al. (2014) for Rio Grande do Norte soils, indicating the richness of this element in Paraíba soils. However, the QRV for Ba was lower than that reported by Fabrício Neta (2012) for Fernando de Noronha soils from volcanic origin in the archipelago (Table 5) , which exceeded the QRV for an industrial scenario (750 mg kg ) suggested by Conama. Hence, there is a need for legislation based on cases that are considered exceptions, which are currently treated as anomalies but actually represent a legitimate pedological difference.
Furthermore, Biondi et al. (2011b) suggested that areas without anthropic activity with elevated Ba concentrations require a thorough examination to evaluate its mobility and bioavailability, which may aid in verifying the potential risk of using these areas. The values reported by Caires (2009) for all metals analyzed in Minas Gerais (MG) soils were higher than the QRVs found for the Paraíba soils (Table 5) . This difference can be explained by the nature of the source material of the MG soils. The MG Iron Quadrangle is recognized worldwide for its geochemical anomalies and mineral deposits, while the MG Triangle is noted for its mafic volcanic processes (Carvalho Filho et al., 2011) . The QRVs found in Paraíba were higher than the values reported by Santos and Alleoni (2013) ) concentrations (Table 5 ).
The QRVs found in Paraíba were also higher than the values reported by Paye et al. (2010) ), and similar for Ni (9.12 mg kg -1 for Paraíba and 9.17 mg kg -1 for Espírito Santo). The low natural concentration of heavy metals found in Espirito Santo soils is due to the source material (Precambrian crystalline rocks and Tertiary and Quaternary sediments) (Paye et al., 2010) , which is similar to the source materials of the Paraíba soils because the Paraíba subsoil consists mostly of Precambrian crystalline rocks that cover approximately 80 % of this area (CPRM, 2002) . Therefore, the lower metal concentration found in these states confirms that the source material from crystalline and sedimentary rocks has a considerable influence on the low concentrations of the metals in these soils.
On the soils of Rio Grande do Norte state, Preston et al. (2014) reported QRVs higher than those found in Paraíba soils for most of the studied metals, except for Ba (58.91 mg kg -1 ) and Sb (0.18 mg kg -1
). The differences in the QRVs for the heavy metal concentrations between the Paraíba soil and the soil from other regions of Brazil are mainly due to differences in the parent material composition (De Temmerman et al., 2003; Bini et al., 2011; Tume et al., 2011) . It must be kept in mind, however, that the distribution of heavy metals in soils can be highly variable at the surface and at depth as a result of the heterogeneity of parent materials as well as other factors that control pedogenesis (Martínez-Lladó et al., 2008) . For example, the natural concentrations of heavy metals cannot be directly related to the soil parent material because pedogenetic processes appear to be a decisive factor in Fe, Mn, Ba, Cr, Zn, Pb, Cd, As and Hg concentrations, whereas Cu, Ni and Co can be directly related to the parent material (Biondi, 2010) .
Multivariate analysis
The data were subjected to a Pearson correlation matrix and principal component analysis (PCA) to select those studied characteristics that best represented the Paraíba soils. The Pearson correlation allowed examination of the data using multivariate analysis, which indicated significant (p<0.01) and positive correlations between most of the analyzed variables, except for Mo (Table 6 ). The variables must have a substantial number of correlations equal to or higher than 0.30 to ensure the existence of true factors (Hair Júnior et al., 2009) . The principal component analysis is a technique that allows examination of the correlations between variables and the identification and elimination of those that contribute little to the overall variation (Mardia et al., 1979) . Thus, Mo was excluded from later analyses.
After the exclusion of Mo, the data matrix was composed of 12 variables and 94 soil samples that were subjected to PCA, which generated 12 principal components (PC), each with a decreasing percentage of the initial data variability. It is noteworthy that the PCA was performed using standardized data (zero mean and variance equal to 1); thus, only components with eigenvalues greater than the unit are significant. Therefore, the heavy metals could be grouped into a model of three components that explained 81.89 % of the total variability of the data (Figure 2 ). This matrix demonstrates that Cd, Cr, Cu, Ni, Pb and Sb were associated with the first component (PC1); the second component (PC2) included only Ag, and the third component (PC3) grouped the metals Ba, Co, Fe, Mn and Zn.
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The first component (PC1) explained more than 59 % of the total variance and represented some of the metals that are most commonly associated with soil contamination, such as Cd and Pb (Figure 2) . The second component (PC2), which accounted for 12 % of the total variance, comprised only Ag. This was probably due to the very low concentrations of this metal compared with the other studied elements. The third component (PC3) explained approximately 10 % of the total variance and comprised some of the elements with the highest concentrations in soil, such as Ba, Fe, Mn and Zn. The results of the PCA, the (Table 4 ) and the significant correlations between metals (Table 6 ) confirm the predominant natural source of these elements in the soil and the suitability of using this data set for the development of quality reference values.
CONCLUSIONS
The analysis of the background concentrations of heavy metals in Paraíba state soils generated quality reference values that were lower than those reported for other states in Brazil.
The QRVs based on the 90 th percentile for the Paraíba soils were as follows (mg kg -1 ): Ag (<0.53), Ba (117.41), Cd (0.08), Co (13.14), Cu (20.82), Cr (48.35), Mo (0.43), Ni (14.44), Sb (0.61), Pb (14.62) and Zn (33.65).
The principal component analysis, which grouped the metals Cd, Cr, Cu, Ni, Pb and Sb (PC1); Ag (PC2); and Ba, Co, Fe, Mn and Zn (PC3), suggests the natural origin of these elements in the studied soils.
